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Chapter 19: Amines 


Z NICH, <= ick, 
HC” hy HC ay 


trimethylamine oxide trimethylamine 


(TMAOQ) 
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Biologically Active Amines 


CH; 9 


af 
‘N | 
C— OCH; 
H 7 . |, Aut CHCH»CH3 
N N7 ‘YH 
O—C—Ph H | | 
H N CH3 H 
cocaine nicotine (S)-coniine morphine 
in coca leaves in tobacco in poison hemlock in opium poppies 


¢The alkaloids are an important group of 
biologically active amines, mostly synthesized by 
plants to protect them from being eaten by 
insects and other animals. 


eMany drugs of addiction are classified as 
alkaloids. 
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Biological Activity of Amines 


HO Cha 
CH, 
HO BNW 
dopamine 


a neurotransmitter 


piperazine 
kills intestinal worms 


@ Pearson 


CH,—CH—COOH 


OH ; 
| 7H S OM 
HO CH—CH,—N Se re 
HO _ 
epinephrine L-tryptophan 
an adrenal hormone an amino acid 
° CH,OH 
| 2 CH,CH,NH, 
CN HO CH,OH re 
© © coy 
N H;C” ~N 
nicotinic acid pyridoxine histamine 
niacin, a vitamin vitamin Bg dilates blood vessels 
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Classes of Amines 


¢Primary (1°): Has one alkyl group bonded to the 
nitrogen (RNH,) 


*Secondary (2°): Has two alkyl groups bonded to 
the nitrogen (R,NH) 


°Tertiary (3°): Has three alkyl groups bonded to 
the nitrogen (R3N) 


*Quaternary (4°): Has four alkyl groups bonded 
to the nitrogen and the nitrogen bears a positive 
charge (R,N*) 
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Classification of Amines 


Primary (1°) amines Secondary (2°) amines Tertiary (3°) amines 
T Hes C) ce 
CH; H H CH,CH3 


cyclohexylamine (1°) _ fert-butylamine (1°) N-ethylaniline (2°) piperidine (2°) N,N-diethylaniline (3°) quinuclidine (3°) 
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Quaternary Ammonium Salts 


S 
CHCH: r | ; CH3 
Z 
CH;CH,—N=-CH,CH; N, Br A a a 
CH,CH; CH)CH,CH,CH, CH, 
tetraethylammonium iodide N-butylpyridinium bromide acetylcholine, a neurotransmitter 


*The nitrogen atom has four alkyl groups attached. 


°The nitrogen is positively charged. 
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Common Names 


CH; 
CH3;CHNH) (CH;CHCH)CH)))NH = (CH3CH>))NCH3 (CH;CH,CH>CH))4N* Cl- 
ethylamine diisopentylamine diethylmethylamine tetrabutylammonium chloride 
CHNH, 
Orvom OO" OyO) 
H 
cyclohexyldimethylamine benzylamine diphenylamine 


*Common names of amines are formed from the 
names of the alkyl groups bonded to nitrogen, 
followed by the suffix -amine. 
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Amine As Substituent 


Hy OH T 
NH, Nit ila 
Ga = “| B a NH, 
CH,CH,CH, — COOH a . HN 
i oN 
3-aminocyclopentene y-aminobutyric acid trans-3-aminocyclohexanol —_ p-aminobenzoic acid (PABA) 


(cyclopent-2-en-l-amine) — (4-aminobutanoic acid) 


°On a molecule with a higher-priority functional 
group, the amine is named as a substituent. 
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IUPAC Names 


*Name is based on longest carbon chain. 


°The -e of alkane is replaced with -amine. 


We CHs NH, NHCH, CH; CH; 
CH;CH,CHCH,; CH;CHCH)CH) CH;CH,CHCH; CH,CH,CHCHCHCHs 
=N(CH3)9 
old IUPAC names in blue: 2-butanamine —3-methyl-1-butanamine — N-methyl-2-butanamine —_2,4,,N-tetramethy1-3-hexanamine 
new IUPAC names in green: butan-2-amine 3-methylbutan-l-amine |= N-methylbutan-2-amine —_2,4,N,N-tetramethylhexan-3-amine 
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Aromatic Amines 


NH, 
© ow oe ion 
CH,CH; CH; 
aniline 2-ethylaniline N,N-diethylaniline 4-methylaniline 


or o-ethylaniline or p-toluidine 
eIn aromatic amines, the amino group is bonded to 


a benzene ring. 


*The parent compound is called aniline. 
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Heterocyclic Amines 


When naming a cyclic amine, the nitrogen is 
assigned position number 1. 


N fi uN: ¥ \ 
aS H H CH, 2 H 
aziridine —_ pyrrole pyrrolidine 1-methylpyrrolidine imidazole indole 


(N-methylpyrrolidine) 


6 
| SS ‘I Ss; re ‘I N’ he end 
Zz 6 of 6 a ee ss 
N Ni CH; H Ni H 


pyridine 2-methy pyridine piperidine pyrimidine 
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purine 
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Structure of Amines 


/" aif AVN CH 3 
Ww As H3C 

H 107° CH; 108° 
ammonia trimethylamine 


electrostatic potential 
map for trimethylamine 


*Nitrogen is sp? hybridized with a lone pair of 
electrons. 


°The angle is less than 109.5°. 
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Interconversion of Chiral 
Amines 


sp° orbital p orbital 
x va 
© t HH 
N.,, == | HN“ —_— N 
nH’ \/CH3 “"CH,CH; OQ” orbital 
CH>,CH3 
(R)-ethylmethylamine [transition state] (S)-ethylmethylamine 


*Nitrogen may have three different groups and a 
lone pair, but enantiomers cannot be isolated due 
to inversion around N. 
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Chiral Amines 


ACH CH CH,CH}"", 
HCH yee 7 
H 
(S)-butan-2-amine (R)-butan-2-amine 


eAmines whose chirality stems from the presence 
of chiral carbon atoms 


eInversion of the nitrogen is not relevant because it 
will not affect the chiral carbon. 
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Chiral Quaternary Ammonium 
Salts 


ag ‘, 
(CH;),cHW’N.  ®) (Ni CH(CH), 
Hy? CHCH, cH;cHy Yo, 


*Quaternary ammonium salts may have a chiral 
nitrogen atom if the four substituents are 
different. 


eInversion of configuration is not possible because 
there is no lone pair to undergo nitrogen 
@dbversion, 
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Chiral Cyclic Amines 


H;C QD ©\ CH, 
HC (Ps ouch 
CH, H3C 
(R)-1,2,2-trimethylaziridine (S)-1,2,2-trimethylaziridine 


°lf the nitrogen atom is contained in a small ring, 
for example, it is prevented from attaining the 
120° bond 

angle that facilitates inversion. 
°Such a compound has a higher activation energy 
for inversion, the inversion is slow, and the 
enantiomers may be resolved. 
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Boiling Points 


H. R 
a \ 
overall eo, a Se 
Nem I dipole R NO R H~ \© 
vo "CHyCH3 moment R/ 


CH. : 
. 1° or 2° amine: 


3° amine: 
hydrogen bond donor and acceptor 


hydrogen bond acceptor only 


°N—H is less polar than O—H. 

Weaker hydrogen bonds, so amines will have a 
lower boiling point than the corresponding alcohol 

°Tertiary amines cannot hydrogen-bond, so they 


have lower boiling points than primary and 
secondary amines. 
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How Hydrogen Bonding Affects 
Boiling Points 


Compound bp (°C) Type Molecular 
Weight 
(CH,)3N: 3 tertiary amine 59 
CH,-O-CH,-CH, 8 ether 60 
CH,-NH-CH,-CH, 37 secondary amine | 59 
CH,CH,CH,-NH, 48 primary amine 59 
CH,CH,CH,-OH 97 alcohol 60 
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Solubility and Odor 


¢Small amines (< six Cs) are soluble in water. 


*All amines accept hydrogen bonds from water and 
alcohol. 


*Branching increases solubility. 


*Most amines smell like rotting fish. 


‘cms i | ica ies ta 

NH, NH> NH> NH, 
putrescine cadaverine 

(butane-1,4-diamine) (pentane-1,5-diamine) 
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Basicity of Amines 


*Lone pair of electrons on nitrogen can accept a 
proton from an acid. 


*Aqueous solutions are basic to litmus. 
eAmmonia pK, = 4.74. 


°Alkyl amines are usually stronger bases than 
ammonia. 


*Increasing the number of alkyl groups decreases 
solvation of ion, so 2° and 3° amines are similar to 
1° amines in basicity. 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 21 


Reactivity of Amines 


Reaction of an amine as a nucleophile 


H H 
: _ a ae - 
R—N a CH, Ul —_ R ii CH3 I 
H H 
nucleophile electrophile new N—C bond formed 


Reaction of an amine as a proton base 


z i 
Z id = 
R a lt cx > R i H x 
i H 
base proton acid protonated 
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Base-Dissociation Constant 


of Amines 
H H 
7 Ky |. 
i 4 + H—O—H ———- R—-N-—H + “OH 
H 4 


[RNH;*][OH] 
Ky = [RNH3] pKpy = -logiokp 


Amines are strongly basic and as such they can 
abstract a proton from water, giving an 
ammonium ion and a hydroxide ion. 


°The equilibrium constant for this reaction is called 
the base-dissociation constant for the amine, 
symbolized by K,. 
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Amine Basicit 


Amine Kp pK, pK, of R3NH 
ammonia 18 x 10% 4.74 9.26 
Primary alkyl amines 
methylamine 43 x 10+ 3.36 10.64 
ethylamine 44x 107 3.36 10.64 
n-propylamine 4.7 x 107% 3.32 10.68 
isopropylamine 4.0 x 107% 3.40 10.60 
cyclohexylamine 47 * 107% 3.33 10.67 
benzylamine 2.0 x 105 4.67 9,33 
Secondary amines 
dimethylamine 53 x 10 3.28 10.72 
diethylamine 98 x 10% 3.01 10.99 
di-n-propylamine 10.0 x 10-* 3.00 11.00 
Tertiary amines 
trimethylamine 5.5 x 10% 4.26 9.74 
triethylamine Soe 3.24 10.76 
tri-n-propylamine 45 x 10+ 3.35 10.65 
Aryl amines 
aniline 4.0 x 107° 9.40 4.60 
N-methylaniline 6.1 x 107! 9.21 4.79 
N,.N-dimethylaniline 12 x 10° 8.94 5.06 
p-bromoaniline 7103" 10.2 3.8 
p-methoxyaniline 2x 10° 8.7 53 
p-nitroaniline sion (Oates 13.0 1.0 
Heterocyclic amines 

pyrrole 5x 1075 14.3 09) 
pyrrolidine 1.9 x 103 2.73 11.27 
imidazole 8.9 x 10% 7.05 6.95 
pyridine 1.8 x 10° 8.75 5.25 
piperidine 13 x 10% 2.88 11.12 
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Base Dissociation of an Amine 


H 
H ans ae HY, Les 
N HO: N—H ~:O° 
R H R H 


ammonium ion 


amine 
é 
R—NH; + OH 


R—NH, + HO 


energy 


°Alkyl groups stabilize the ammonium ion, making 
the amine a stronger base. 
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Alkyl Group Stabilization of 
Amines 


H H 
a 
H—N: + HO = H—N*H + “OH pK, = 4.74 
Say 4 (weaker base) 
an i 
H,C—N: + HO = £4H,C>5N-H + ~-OH pXK,, = 3.36 
% . e 
H H (stronger base) 


stabilized by the alkyl group 


°Alkyl groups make the nitrogen a stronger base 
than ammonia. 
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Resonance Effects 


aniline anilinium ion 
stabilized by overlap with the ring no overlap is possible 


aliphatic amine 
R—NH, + H* 


R—NH; ©—NH; 
+ + 


Stabilized. "ae ed 
by C more endothermic 
i A nee O- N Hy, is less basic 


©—NuH, + Ht 


aromatic amine 


°Any delocalization of the electron pair weakens 
the base. 
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Protonation of Pyrrole 


— Ky Ns, ee 
-N—H + HO <—~ N + “OH 
a 


rrole K,=10> protonated 
py b 
(aromatic) (not aromatic) 


When the pyrrole nitrogen is protonated, pyrrole 
loses its aromatic stabilization. 


*Therefore, protonation on nitrogen is unfavorable 
and pyrrole is a very weak base. 
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Hybridization Effects 


{ 
Vl Ss N<) ~, 2 en hybridized 
—<—<—<— sp” hybridized (more basic) 
(less basic) 
pyridine, pK, = 8.75 piperidine, pK), = 2.88 


°Pyridine is less basic than aliphatic amines, but it 
is more basic than pyrrole because it does not lose 
its aromaticity on protonation. 
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Ammonium Salts 


aq. HCl 


+ 
R3N: R3NH Cl” 
“free” amine aq. NaOH amine salt 
(water insoluble) (water soluble) 


elonic solids with high melting points 
*Soluble in water 


°No fishy odor 
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Purifying an Amine 


AZ 


y? 


/ 

ether / R3N: \ 

phase other 
organics 


(1) remove H,0 phase 
SUPE ETE BEES 
(2) add dilute HCl 


ll other 


organics 


(1) remove ether phase [ 
(2) add NaOH \ 
ei ns 


(3) add fresh ether 


HCl ne ie NaOH 
R3N: —$!_——_ RBNHCI = R3N: 
soluble in ether insoluble in ether soluble in ether 
insoluble in HO soluble in H,O insoluble in HO 
. diles: organic 
amine and) shake with impurities 
ether organic | H+ and H,O ether = 
: shake with impurities amine 
mixture = 
ether/water ——: 
(amine + impurities) amine Ob ethes 
water 5 
- - salt = 
- inorganic - impurities 
water | impurities water 
and salts 
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IR Spectroscopy 


wavelength (um) 
45 BP 5,5 6 7 8 9 10 I 12 13 14 15 16 


WT | | 


Nv 
tn 
w 
| > 
in 
7 


1005 


mee 
‘s 
—— 
‘ 
— 


40 
CH3CH>CH)NH> 
ip [ N-H 
| stretch 


4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 
wavenumber (cm7!) 


eN—H stretch between 3200 and 3500 cm"! 


*Two peaks for 1° amine, one for 2° 
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NMR Spectroscopy of Amines 


yprotons fprotons « protons 
CH3;— CH, —CH,—NH)3> 
60.9 61.4 62.6 — variable (6 1.7 in this spectrum) 


¢Nitrogen is not as electronegative as oxygen, so 
the protons on the a carbon atoms of amines are 
not as strongly deshielded. 
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NMR Spectrum 


200 180 160 140 120 100 80 60 40 20 0 
CH3CH,CHNH, 
| A 
Eee 4] 
10 9 8 7 6 5 4 3 2 1 0 


6 (ppm) 
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Carbon NMR Chemical Shifts of 
Some Representative Amines 


) y B a 


CH3;—NH) methanamine 
26.9 
CH3—CH,—NH) ethanamine 
Wd 35.9 
CH3;—CH,—CH,—NH) propan-|-amine 


11.1 27.3 44.9 


CH,;—CH,—CH,—CH)—NH) butan-1-amine 
140 204 36.7 42.3 
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Mass Spectroscopy of Amines 


*Nitrogen has an odd valence and an even mass 
number. 


When a nitrogen atom is present in a stable 
molecule, the molecular weight is odd. 


eWhenever an odd number of nitrogen atoms are 
present in a molecule, the molecular ion has an 
odd mass number. 
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Alpha Cleavage of Amines 


Pa H R 
RCH, LN —> R + | *coNS <>) ‘c=né 
7 * \ 
H H H H H 
a cleavage iminium ion 


*The most common fragmentation of amines is a 
cleavage to give a resonance-stabilized cation—an 
iminium ion. 
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MS of Butyl Propyl Amine 


100 


abundance 


72 


15 


@ Pearson 


“30 "40 "50 60 70 80. 90 100. 110 120° 130. 140 150. 160 


mlz 
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Fragmentation of Butyl Propyl 
Amine 


i 
n H H 
CH;CH,CH, — N—CH) il CH,CH,CH; | —* | CHyCH;CH)—N—CH} <—> CH,CH,CH,—N=CH) 


butyl propyl amine, m/z 115 iminium ion, m/z72 loss of CH3CHyCH>* 


86 Es H H 
ae CH) —N—CH,CH,CH,CH; | —> | GH) —N—CH,CH,CH,CH; <—> CH)=N‘'—CH,CH,CH,CH, 


buty! propyl amine, m/z 115 iminium ion, m/z 86 loss of CH3;CH* 
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Reaction of Amines with 
Ketones and Aldehydes 


D4 ¥ 
Y=Horalkyl gives an imine HO iN—H N 
Y=OH gives an oxime ] os Jur SF JHE. | 
Y =NHR gives a hydrazone wns + Y—NH, == ON — TN + H,0 
R R R R’ R R’ 
ketone or aldehyde carbinolamine derivative 
(hemiaminal) 
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Aromatic Substitution of 
Arylamines 


e—NH, is a strong activator and an ortho-, para- 
director. 


*Multiple substitution is a problem. 


°Protonation of the amine under acidic conditions 
converts the group into a strong deactivator (— 
NH,*). 
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Multiple Substitutions 


>NH) >NH, 
Br Br 
excess Bry 
NaHCO.” aHCO, + 3 HBr 
aniline B 
r 


2,4,6-tribromoaniline 


*=NH> 
Cl NO, 
excess coe CD. 
NaHCO.” CO, + 2HCl 
o-nitroaniline 
Cl 


4,6-dichloro-2-nitroaniline 
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Ortho and Para Substitution of 


Aniline 
a 

en 

H war 


H H 
H 


aniline 


H \ «aA 
H E 


aniline 


@ Pearson 


H 


H 


H 


[ HV, H 


o complex 


NaH 


‘an 


HH 
HE 


o complex 


Hy, -H 
H E 
H H 

H 


ortho substituted 


Hy... -H 
H H 
H H 


E 


para substituted 
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+ Ht 
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Protonation of Aniline in 
Substitution Reactions 


a + 
NH, NH3 
of strong acid of 
SO 


activated deactivated 


NH, 
HNO; (concd.) ear 
pueda = 
ESO, concd) oxidation of the —NH) group 
(may burn or explode) 


°Strongly acidic reagents protonate the amino 
group, producing an ammonium salt. 


°*The —NH,* group is strongly deactivating (and 
meta-allowing). 


¢Therefore, strongly acidic reagents are unsuitable 
for substitution of anilines. 
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Aromatic Substitution of 
ee Bry, 300 °C Se 
7 s 


NaHCO, | e 


pyridine 3-bromopyridine 
(30%) 
SO3H 
| “Sy fuming HyS0,, HgSO, | SS 3 
2 230°C oe 
N N 
H 
pyridine pyridine-3-sulfonic acid 
(protonated) (70%) 


°Strongly deactivated toward electrophilic attack 
by the electronegative nitrogen atom 


*Substitutes in the 3-position in a manner 
analogous to the meta substitution 


*Electrons on N may react with the electrophile. 
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Electrophilic Aromatic 
Substitution of Pyridine 


Attack at the 3-position gives | 
the most stable intermediate 


-lor- or -ce 


pyridine resonance- dalveadinad sigma complex 
#04 
H 
va NO, aw, NO, 
—_ + H;0* 
tS + oy 2 


3-nitropyridine 
(observed) 
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Attack on 2-Position 


pyridine 


Attack at the 2-position (or 4-position) is not observed. 


SS ——_, A+ 
Oe ee Or 

NV NOD ST" NO> Sy TNO2 

i H so Soy 

| 

no octet 

unfavorable 


°Attack at the 2-position would have an 
unfavorable resonance structure in which the 
positive charge is localized on the nitrogen. 


2-nitropyridine 
(not observed) 


¢Substitution at the 2-position is not observed. 
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Nucleophilic Substitution of 
Pvridine 


S ‘hae Ss SS oO 
> —_ —» — 
| Xf - | OCH; ee OCH; x OCH3 
NY N N Cl N Cl 


™ Cl 


negative charge on 
electronegative nitrogen 
(favorable) 


O~™ x Z 
ss OCH] — | + OF 
NC N~ ~OCH; 


Cl 


(resonance-delocalized) 


eActivated toward nucleophilic aromatic 
substitution 


°Nucleophile will replace a good leaving group in 
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Nucleophilic Attack on 3- 
Position 


Nucleophilic attack at the 3-position (not observed) 


OCH; OCH; 


yy ou iu -CE xo” ie 


(no delocalization of negative charge onto N) 


°Attack at the 3-position does not place the 
negative charge on the nitrogen. 


*Substitution at the 3-position is not observed. 
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Alkylation of Amines by Alkyl 
Halides 


R—NH,—CH,—R’ Br + R—NH,) == R—NH—CH,—R’ + R—NH; Br 
2° amine 


CH,—R’ 
R—NH—CH,—R’ + R'—CH,{Br —* R—NH—CH,-R’ Br 


2° amine salt of a tertiary amine 


eProceeds by the S,2 mechanism 


Secondary alkyl halides will give elimination 
products. 


*Multiple alkylations are a major problem. Complex 
mixtures are obtained. 
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Exhaustive Alkylation 


NaHCO, + 
CH3CH,CH,—NH) + 3 CH; I : rm CH3CH,CH,— N(CH3)3 TD 


(90%) 


°Exhaustive alkylation forms the 
tetraalkylammonium salt. 


eMild basic conditions (NaHCO,) are used to 


deprotonate the intermediates and neutralize the 
acid formed. 
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Alkylations with Excess 
Ammonia 


Ye 


aa 1 
NH; + R—CH,~X —> R—CH)—NH; X 


10 moles 1 mole 


eReaction with large excess of NH, to form the 
primary amine in good yields 


*Excess ammonia is allowed to evaporate after 
reaction. 
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Acylation of Amines 


O O 
is | pyridine ll. . + _ 
RNB + R=—C=—Cl > RCN + \ es cl 


°Primary and secondary amines react with acid 
halides to form amides. 


*This reaction is a nucleophilic acyl 
substitution. 
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Mechanism of Acyl 
SubsRtitui Mks the carbonyl carbon, forming the 


tetrahedral intermediate. 


OF Or 
IP 
R—C—Cl + R’—NH, — R—C—Cl 
acid chloride amine *NH)—R’ 


tetrahedral intermediate 


Step 3: Loss of a proton 


Step 2: Expulsion of the chloride 
gives the amide. 


ion 
105 O O 
y at? i a: 
R—CeCl ——> 1b ° 
a : R—C—NH—R’ > R—C—NH—R’ 
NH,—R cr amide 


tetrahedral intermediate 
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Acylation of Aromatic Amines 


16) H O 
| Saul 
>=NH, ‘c— CH3 N—GC—CH,; :-NH, 
cyl cl dil NOS | H,0* 
—————— 
‘acetyl chloride” chloride “TSO, 2SO4 (hydrolysis) 
aniline acetanilide NO, NO, 


p-nitroaniline 


*The resulting amide is still activating and ortho, 
para-directing. 


°The acyl group can be removed later by acidic or 
basic hydrolysis. 
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Solved Problem 1 


Show how you would accomplish the following synthetic 
conversion in good yield. 


e) 
Ol. > enol 
NH, NH) 


Solution 

An attempted Friedel-Crafts acylation on aniline would likely 
meet with disaster. The free amino group would attack both 
the acid chloride and the Lewis acid catalyst. 


oy 
O 
Cl + AICl, —~> OL + aluminum 
NH, H 
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Solved Problem 1 (continued) 


Solution (continued) 


We can control the nucleophilicity of aniline’s amino group by 
converting it to an amide, which is still activating and ortho, para- 
directing for the Friedel-Crafts reaction. Acylation, followed by 
hydrolysis of the amide, gives the desired product. 


oO 
7 I 
CH;CCl t C-«-« 
———-> > 
7 gle AICI, 
NH) 1 CH; 
O 
+ 
0 Ca 
(hydrolysis) 
NH—C—CH, 
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Formation of Sulfonamides 


O 
| | | | 
R— C— OH R-C— Cl ie ies = 
O 
a carboxylic acid an acyl chloride a sulfonic acid a sulfonyl chloride 


(acid chloride) 


¢Sulfonyl chlorides are the acid chlorides of 
sulfonic acids. 


*Sulfonyl chlorides are strongly electrophilic. 
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Formation of Sulfonamides 
(continued) 


R’—NH> oO 


Er 
amine ~~, || NaOH l| i 7 
eg > eee > R—S—NHR’ 
| 
U, H O H,0 Cl 
sulfonyl chloride ‘0H sulfonamide 


*Primary or secondary amines react with sulfony! 
chloride to produce an amide. 


eAmides of sulfonic acid are called sulfonamides. 
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Synthesis of Sulfanilamide 


O oO 
I a 5 :N 
Pte Oe —CH; HY —CH; 
cl— — OH 
oat aL ACh HCl 
heat o= i O 
acetanilide Ni 
sulfanilamide 
if ‘ti 


°The sulfa drugs are a class of sulfonamides used 
as antibacterial agents. 


eIn 1936, sulfanilamide was found to be effective 
against streptococcal infections. 
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Biological Activity of 


Ciulfanmilamida 


NH 
H O COOH 
incorporated into OH | \| | 
——t oe cath XO) 

{ OICT Ht CHLCH.COoH 
yy, 2H 
o” ‘on tN N 

p-aminobenzoic acid folic acid 


°Sulfanilamide is an analogue of p-aminobenzoic 
acid. 

¢Streptococci use p-aminobenzoic acid to 
synthesize folic acid, an essential compound for 
growth and reproduction. Sulfanilamide cannot be 
used to make folic acid. 

*Bacteria cannot distinguish between sulfanilamide 
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N-amMiIinohenzZoic acid. so it will inhihit their qrowth 


Amines As Leaving Groups 


*Amines can undergo elimination reactions to form 
alkenes. 


The NH, or NHR groups are not good leaving 


groups because they are very 
strong bases. 


Exhaustive methylation can convert the amino 
group into a quaternary ammonium salt, which 
can leave as the neutral amine. 
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Hofmann Elimination 
() See heat . & + >-N(CH3)3 
“@Ag,0- §, Hs _ 
Sei, | 


°A quaternary ammonium salt has a good leaving 
group—a neutral amine. 


*Heating the hydroxide salt produces the least 
substituted alkene. 
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Exhaustive Methylation of 
Amines 


Exhaustive methylation of an amine 
ae aD 
R—NH, + 3CH;—I —— R—N(CH;); I + 2HI 


poor leaving group good leaving group 


eMethyl iodide is usually used as a methylating 
agent. 


°The leaving group is the neutral amine. 
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Conversion to the Hydroxide 
Salt 


Conversion to the hydroxide salt 


R-N(CH;); F + 4Ag0 + HO —> R—N(CH));OH + Agi 


quaternary ammonium iodide quaternary ammonium hydroxide 


°The iodide salt is converted to the hydroxide salt 
by treatment with silver oxide and water. 


eThe hydroxide will serve as the base in the 
elimination step. 
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Mechanism of the Hofmann 
Elimination 


HO™ i | H—O—H 
heat \ va 
Tey coe a 
*N(CH3)3 alkene >N(CH3)3 


amine 
eThe Hofmann elimination is a one-step, concerted 


E2 reaction in which the amine is the leaving 
group. 
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Regioselectivity of the 
Hofmann Elimination 


Exhaustive methylation and conversion to the hydroxide salt 


- 2 3 4 (1) excess CH3I 1 2 3 4 
CH; sia CH,;— CH; @)Ag,0, Fz0 CH;—CH—CH,—CH; 


=NH) *N(CH3)3. OH 


butan-2-amine quaternary ammonium hydroxide 


Heating and Hofmann elimination 


a 20H 


at 
2 ry 
ac cu oon CH 150°C, 


H»C=CH—CH)—CH; + CH;—-CH=CH—CH; + H,O + :N(CHy)s 
1 z= 3 4 1 2 3 4 


*N(CH3)3 but-1-ene but-2-ene (E and Z) 
Hofmann product Zaitsev product 
95% 5% 


°The least substituted product is the major product 
of the reaction (Hofmann product). 
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E2 Mechanism 


Looking along the C2—C3 bond The most stable C2—C3 conformation 
HO) 4 
HO‘) - . # 4 a i 
HLA s aT H3C 2 UH HaC s i H3C 2 OH 
a a at ene 

HC NCH), HO Sy ~CHs H "NCH;); A H 

CN(CHR); *N(CH3)3 

needed for E2 (less stable) more stable (E2 is impossible in this conformation) 


Looking along the C1—C2 bond 


HO’) 
H 


H a 
H. = 3 4 2 
NOX fae CH2CHs H net 
_> we = 
a 2\4 (any of the three staggered conformations 
H (NCHS) is suitable for the E2) 


H 
(NCH); 
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Solved Problem 2 


Predict the major product(s) formed when the following amine 
is treated with excess iodomethane, followed by heating with 
silver oxide. 


NHCH,CH, 


Solution 


Solving this type of problem requires finding every possible 
elimination of the methylated salt. In this case, the salt has 


th f ll wir chriintiirns 
e TOHO HOt} (~on 
H H 
H. I\H7-| UH 
~ a 
excess CH3I Ag O a H 
————_—_  — 
heat CH3>N* _H 
cHy “Sc—c—H 
© ae) os 
H i; H 


“OH 
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Solved Problem 2 (Continued) 


Solution (Continued) 


Solving this type of problem requires finding every possible 
elimination of the methylated salt. In this case, the salt has 
the follawina ctriictiira: 


GORGE | FOR OE 


Hs NCE I a CH;—N: 


CH; CH; oo H 


ff % 
H H 
The first (green) alkene has a disubstituted double bond. The 
second (blue) alkene is monosubstituted, and the red alkene 


(ethylene) has an unsubstituted double bond. We predict that 
the red products will be favored. 
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Oxidation of Amines 


R 
| ae | uf | | n eo we) 
—N— N =N= —N—OH —N— R—N=O R-Ne 
| | | o 
—C¢— 
amine imine ammonium salt hydroxylamine amine oxide nitroso nitro 


more oxidized 


eAmines are easily oxidized, even in air. 
*Common oxidizing agents: H,0, MCPBA 
°2° amines oxidize to hydroxylamine (—NOH#). 


°3° amines oxidize to amine oxide (R,N*+—O°). 
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Preparation of Amine Oxides 


+ 


—O ae H,O 


i 1 
R—N: + H,0, — R—N 
| | (or ArCOOH) 


ArCO.3H 
(or ArCO3H) R 


3° amine 3° amine oxide 


°Tertiary amines are oxidized to amine oxides, 

often in 

good yields. 

eEither H,O, or peroxyacid may be used for this 

oxidation. 

The N-oxide can undergo elimination to form 
@ratkenes ifeiqeact ona rrateg ous totiveH ofmatin” 


Cope Rearrangement 


Be aed? t 
o o 
¥ \+ / \et HO—N(CH3), 
Hl N(CH)e H N(CH), : . 
R—CLC—R > |R—C=C—R’ » =o" 
H H 
H H H H 


[transition state] 


°E2 mechanism 
*The amine oxide acts as its own base through a 
cyclic transition state, so a strong base is not 


needed. 
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@ Pearson 


Solved Problem 3 


Predict the products expected when the following compound is 
treated with H,O, and heated. 


on 
CH; 
Solution 


Oxidation converts the tertiary amine to an amine oxide. Cope 
elimination can give either of two alkenes. We expect the less 
hindered elimination to be favored, giving the Hofmann product. 


H H? 
>, — 
¢N—CH; __, cH, 
CH; 
CH; 
minor 
es 
- | + (CH;)).N— OH 
N(CH3)2 1,0, N‘—CH3 
CX ee LX Sees 
CH; CH, . 
Cb (CH 
pN'~o, — CH, 
+H 
\ major 
Iu 
H + (CH;))N—OH _] 
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Formation of Diazonium Salts 


R—NH, + NaNO, + 2HCl —> R—N=N CI + 2H,0 + NaCl 


= 
R—N=N: —s R* + °N 


ll 
4 


ePrimary amines react with nitrous acid (HNO,) to 
form dialkyldiazonium salts. 


*The diazonium salts are unstable and decompose 
into carbocations and nitrogen. 
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Diazotization of an Amine 


Step 1: The amine attacks the nitrosonium ion and forms N- 
nitrosoamine. 


+ HO: 
R-N& + “N=0; —= R Gei=o: #8 R-NN=o: + HOF 
H nitrosonium | | 
primary amine ion H H 


N-nitrosoamine 


Step 2: A proton transfer (a tautomerism) from nitrogen to 
oxygen forms a hydroxyl group and a second N—N bond. 


H H oe 
er ome ae ¥ ral xe). ies a 
R=N-N=@; + H,0*' == |R N—N=O—H <—> R—N=N—OH]+ HO: == 
N-nitrosoamine protonated N-nitrosoamine 


R—N=N—GH + H;0* 
second N—N bond formed 
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Diazotization of an Amine 
(Continued) 


Step 3: Protonation of the hydroxyl group, followed 
by the loss of water, gives the diazonium ion. 


a ee H,0* eo Ves (ot + ‘ih 
R—N=N—OH — R—N=N—QOH, —~> R—N=N: + 4H,0: 


diazonium ion 
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Arenediazonium Salts 


N 
ll 
N* cr 
ENCE oes * a _—, various reagents 
a a, 
750, 
CH; CH; 


°By forming and diazotizing an amine, an activated 
aromatic position can be converted into a wide 
variety of functional groups. 
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Reactions of Arenediazonium 


Salts 


Me 5 | 


— 


PRR PP ee eR 


Zo 


Products 
phenols 
aryl chlorides 
aryl bromides 
benzonitriles 
aryl fluorides 
aryl iodides 
(deamination) 


azo dyes 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 79 


The Sandmeyer Reaction 


The Sandmeyer reaction 


—_ - CuX = 
Ar—-N=N Cl @raqpec=nm 45x + Ml 
Examples 
*=NH, Cl 
(1) NaNO;, HCI 
——_——— 
(2) CuCl 
(75%) 
*=NH, Br 
CH, CH; 
(1) NaNO3, HCI 
(2) CuBr 
(90%) 
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Replacement of the Diazonium 
Group by Fluoride and lodide 


HBF, 
Ar—N=N Cr ——> Ar—N=N-BF, “> Ar—F +N, [+ BF; 


diazonium fluoroborate 


Example N 
l 
N* “BFy 
qd) NaNO, HEL HCl heat 
o @HBR cas © o~ — 
Ar—N=N_ cr + 
Example 
?=NH> I 
(1) NaNO , HCl 
KI (15%) 
oO oO 
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Reduction of Diazonium Group 
to Hydrogen: Deamination of 
Anilines 


HP 
Ar—N=N cr 22" Ar-H + Not 
Example 
:NH, 

(1) NaNO, HCl 

(2) H3PO, (70%) 
COOH COOH 

CH3CH CH;CH, 
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Diazonium Salts as 
Electrophiles: Diazo Coupling 


Ar—N=N + H—Ar’ —> Ar—N=N—Ar’ + Ht 
diazonium ion (activated) an azo compound 


Example 


0 
I = 

-o—S N=N: + N(CH), —> N=N N(CH), 
i cr + HCl 


methyl orange (an indicator) 
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Synthesis of Amines by Reductive 
Amination ‘NH, —>—> R—NH, 


ammonia 1° amine 
\iH — \iiR 
/ a 


1° or 2° amine 2° or 3° amine 


°The most common amine synthesis begins with ammonia or 
an amine and addition of another alkyl group. 


R—NH, + O=C 
1° amine ketone or i ‘atap 
aldehyde +H,0 

2° amine 


/| HY, R y a 
<— } ci me pe 


*Reductive amination is the most general synthesis, capable 
of adding a primary or secondary alkyl group to an amine. 
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Reductive Amination: 1° 
Amines 


° i; oe Nit 
H,N—OH ducti 

er =—2 Bor _—_—e[a>_s RCH R’ 

ketone or aldehyde oxime 1° amine 


°Primary amines result from the condensation of 
hydroxylamine (zero alkyl groups) with a ketone or 
an aldehyde, followed by reduction of the oxime. 


e LiAIH, or NaBH,CN can be used to reduce the 
oxime. 
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Reductive Amination: 2° 
Amines 


O 1° amine N—R’ NHR’ 
| R”—NH, | reduction 
R—C—R’ Ht ? R—=C=R’ —_?  R—CH—R’ 
ketone or aldehyde N-substituted imine 2° amine 


*Condensation of a ketone or an aldehyde with a 
primary amine forms an N-substituted imine (a 
Schiff base). 

*Reduction of the N-substituted imine gives a 
secondary amine. 
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Reductive Amination: 3° 
Amines 


O 2° amine R—N—R R—N—R 
I 


R’ pe ROMER, [et | HO, pd 
a oe — CO —cCH— 

Cc Ht CH,COOH 
ketone or aldehyde iminium salt 3° amine 


*Condensation of a ketone or an aldehyde with a 
secondary amine gives an iminium salt. 


*Iminium salts are frequently unstable, so they are 
rarely isolated. 


°A reducing agent in the solution reduces the 
iminium salt to a tertiary amine. 
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Solved Problem 3 


Show how to synthesize the following amines from the indicated 
starting materials. 


(a) M-cyclopentylaniline from aniline (6b) A-ethylpyrrolidine from 
sohitebine 
a) This synthesis requires adding a cyclopentyl group to aniline 
(primary) to make a secondary amine. ene is the 


car oH 
| Ht 
Ph—N—H + O > Ph—N te, ho | 
aniline cyclopentanone 


b) This synthesis requires adding an ethyl group to a secondary 
amine to make a tertiary amine. The carbonyl compound is 
acetaldehyde. Formation of a tertiary amine by Na(AcO),BH 
reductive amination involves an iminium intermediate, which is 


rec fe) H a 
m g HH + Sf NaBH(OAc); eae i 

N—H + CH;—C — N=C. > N—C—H 
aos, \ 

H CH, CH, 

pyrrolidine acetaldehyde : 
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Synthesis of 1° Amines by 
Acylation-Reduction 


Primary amines 


| Z i 1) LiAIH rc 
R—C—cCl + NH; —> R—C—NH, DoS R—CH)—NH, 


acid chloride ammonia 1° amide 1° amine 


°Acylation of the starting amine by an acid chloride 
gives an amide with no tendency toward 
overacylation. 

eReduction of the amide by LiAIH, gives the 


corresponding amine. 
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Synthesis of 2° Amines by 
Acylation-Reduction 


Secondary amines 


I ot I se , ()LiAIHy ie / 
R—C—Cl + R=-NH, —— R—C—NH—R () HO > R—CH,—NH—R 
acid chloride primary amine N-substituted 7 2° amine 

amide 


°Acylation-reduction converts a primary amine to a 
secondary amine. 


eLiAIH,, followed by hydrolysis, can easily reduce 
the intermediate amide to the amine. 
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Synthesis of 3° Amines by 
Acylation-Reduction 


Tertiary amines 


I I (1) LiAlH, 
— — 6 NJ — — NJ 4 4 — — NJ ! 
R—C—Cl + RjNH — > R—C—NRj (2) H,0 R—CH,—NR) 


acid chloride secondary N,N-disubstituted 3° amine 
amine amide 


*Acylation-reduction converts a secondary amine 
to a tertiary amine. 


*Reduction of the intermediate amide is 
accomplished with LiAIH,. 
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Solved Problem 4 


Show how to synthesize N-ethylpyrrolidine from pyrrolidine using 
acylation-reduction. 


Solution 

This synthesis requires adding an ethyl group to pyrrolidine to make a 
tertiary amine. The acid chloride needed will be acetyl chloride 
(ethanoyl chloride). Reduction of the amide gives N-ethylpyrrolidine. 


0 1 i 
e @ pyridine is (1) LiAIHy a 
= + CHs—C > he -Gbeg N : H 


Cl CH 
pyrrolidine —_ acetyl chloride ? 


Compare this synthesis with Solved Problem 19-5(b) to show how 
reductive amination and acylation-reduction can accomplish the 
same result. 
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The Gabriel Synthesis 


_H)N — NH) . oN = NH, 
Ee 
Tie halide heat Req NH 
(usually 1°) 


sidlstiteas anion N-alkyl phthalimide ‘Siehacae hydrazide —_ primary amine 


°The phthalimide ion is a strong nucleophile, 
displacing the halide or tosylate ion from the alkyl 
halide (S,2). 


*Heating the N-alkyl phthalimide with hydrazine 
displaces the primary amine and the very stable 
hydrazide of phthalimide. 
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The Gabriel Synthesis 
(continued) 


Example O 
iN? Kt O 
CH; CH, CH, 
o | H)N—NH> . 
Br—CH,CH,CHCH; (phthalimide anion) :N—CH,CH,CHCH; jer” H,N—CH,CH;CHCH; 
10) 
isopentyl bromide N-isopentylphthalimide isopentylamine (95%) 
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Reduction of Azides 


Pr ie Sales «= (1) LiAIHy a 
C) CH,CH)<Br so OC) CHCH—-N=N=N} Sa OC) CH,CH,—NH, 


1-bromo-2-phenylethane 2-phenylethy! azide 2-phenylethylamine (89%) 


eAzide ion, “N;, is a good nucleophile. 


eReact azide with unhindered 1° or 2° halide or 
tosylate (S,2). 


*Alkyl azides are explosive, so reduction is carried 
out without purifying the azide. 
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Reduction of Nitriles 


LiAIH, 


R—X + “:C=N: —> R—C=N: > R—CH,—NH, 
halide or tosylate nitrile or H,Jcatalyst amine 
(must be 1° or 2°) (one carbon added) 


eNitrile (C=N) is a good S,2 nucleophile. 


eReduction with H, or LiAIH, converts the nitrile 
into a primary amine. 
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Reduction of Nitro Compounds 


NO, HSO; *NH; :=NH, 
| Sn, H,SO, -OH 
CH3CH,CH,— CH— CH3 > (CH;,CH,CH,— CH—CH,; ——> CH3CH,CH,— CH—CH; 
2-nitropentane pentan-2-amine (85%) 


°The nitro group can be reduced to the amine by 
catalytic hydrogenation or by an active metal and 
H*. 


*Commonly used to synthesize anilines. 
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